Introduction {#j_jomb-2018-0047_s_001}
============

Peripheral artery occlusive disease (PAOD), also known as peripheral artery disease (PAD), is a rather frequent pathology, affecting as many as 13% subjects aged 50 years or older in Western Countries ([@j_jomb-2018-0047_ref_001]). Atherosclerosis is the leading underlying mechanism causing PAOD, wherein stenosis or occlusion of peripheral arteries due to the presence of large atherosclerotic plaques reduce blood flow up to critical ischemia and tissue necrosis in the affected limb. Albeit individuals with PAOD may remain asymptomatic for long, between 5--25% patients will manifest an array of worsening signs and symptoms (i.e., claudication, pallor, rest pain, paraesthesia, paralysis, up to ulceration and gangrene), which may then require elective or urgent revascularization by endovascular or surgical techniques. In these patients, the 5-year risks of amputation and all-cause mortality are as high as 3% and 20%, respectively and, independently of the selected approach for revascularization, clinical results remain largely debated ([@j_jomb-2018-0047_ref_002]). Therefore, other variables need to be investigated for better predicting the risk of revascularization failure.

Besides clinical history and examination (i.e., ankle-brachial index), the diagnosis of PAOD is essentially based on duplex ultrasonography, which allows to accurately identifying and localizing atherosclerotic plaques, as well as assessing their size and severity by means of velocity criteria ([@j_jomb-2018-0047_ref_003]). Due to the high burden of disability and mortality of PAOD, the recent guidelines of the European Society of Cardiology (ESC) strongly recommend that patients should receive an appropriate medical therapy (mostly based on antihypertensive, antiplatelet or anticoagulant drugs), combined with a healthy lifestyle (i.e., physical activity, smoking cessation, weight loss, and so forth) ([@j_jomb-2018-0047_ref_003]). In patients who will not benefit from medical or exercise therapy, as well as in those presenting with impairment of daily life activities or limb-threatening ischemia, percutaneous transluminal angioplasty (PTA) is the recommended therapeutic option, since this treatment has been shown to enhance limb salvage and reduce the risk of both disability and death ([@j_jomb-2018-0047_ref_003]). Albeit a number of complications, especially reocclusion, hematomas, arterio venous fistulae, pseudoaneurysms and infections, may occur in more than half of patients within 1 year after PTA ([@j_jomb-2018-0047_ref_004], [@j_jomb-2018-0047_ref_005]), some patients may also develop early acute complications and restenosis (i.e., within 1 to 3 months), which would hence require a timely, often urgent, endovascular management ([@j_jomb-2018-0047_ref_006]).

The identification of patients at higher risk of developing restenosis and other PTA-related complications seems hence crucial for achieving better clinical (i.e., improving patient outcome) and economic (i.e., reducing hospital readmission and management) benefits. Notably, some demographic (i.e., age, sex), laboratory (i.e., C reactive protein, lipoprotein\[a\], homocysteine), lesion and procedural risk factors have been identified and used during the last decades, but none of these was found to have an optimal diagnostic efficiency for predicting short- and long-term risk of PTA-related complications or reocclusion in large prospective studies ([@j_jomb-2018-0047_ref_005]). On the other hand, Lee et al recently showed that in-hospital increase of red blood cell distribution width (RDW) value, which reliably mirrors an escalating impairment of erythrocyte biology and anisocytosis, was a significant predictor of early adverse events after coronary artery by-pass grafting (CABG) ([@j_jomb-2018-0047_ref_007]). Therefore, we carried out a single-center, observational, retrospective study to explore whether in-hospital changes of RDW values may also help predicting the early development of PTA-related complications and restenosis after hospital discharge.

Materials and Methods {#j_jomb-2018-0047_s_002}
=====================

The study population consisted of all consecutive patients who underwent PTA for severe PAOD at the University Hospital of Verona (Verona, Italy) between April 2016 and April 2018. PAOD was diagnosed by physical examination and ultrasound as first, and was then confirmed by lower extremities Computer Tomography (CT-scan) with iodine-contrast or Magnetic Resonance (MR) with gadoline-contrast. Results of hematological testing were retrospectively collected for all patients upon hospital admission and discharge after PTA. Revascularization was performed according to local practice, by PTA first, eventually followed by bare-metal stent placement in patients with unsatisfactory angiographic results. According to local clinical practice, patient follow-up was routinely performed 1-month after hospital discharge, and was based on thoughtful medical assessment, laboratory testing and arterial ultrasonography. The mean time of hospital admission was 1 day. The primary end-point was the development of PTA-related complications, thus including reocclusion, hematomas, infections and death. The control population consisted of all ostensibly healthy subjects who underwent routine medical check-up (including laboratory testing) during the same period (i.e., between April 2016 and April 2018).

All hematological parameters, thus including hemoglobin, mean corpuscular volume (MCV) and RDW were always measured using the same analyzers (Sysmex XN, Sysmex Inc., Kobe, Japan). The local laboratory is certified according to the ISO 15189: 2012 standard, and the quality of data has been validated throughout the study period by regular performance of internal quality control (IQC) procedures and participation to an External Quality Assessment (EQA) scheme. The delta RDW was calculated as the ratio between the RDW value measured upon hospital discharge and admission (i.e., \[discharge RDW\]/\[admission RDW\]). Significance of differences among groups were assessed with Mann-Whitney (for continuous variables) or Chi-square (for categorical variables) tests. The diagnostic performance was finally evaluated using Receiver Operating Characteristics (ROC) curve analysis. The statistical analysis was performed with Analyse-it (Analyse-it Software Ltd, Leeds, UK) and MedCalc Version 12.3.0 (MedCalc Software, Mariakerke, Belgium). Statistical significance was set at p\<0.05. This retrospective observational study used anonymized patients' data and was carried out in accordance with the Declaration of Helsinki, under the terms of relevant local legislation, and was cleared by the Institutional Review Board. The requirement for informed consent was waived due to the observational, retrospective nature of this study.

Results {#j_jomb-2018-0047_s_003}
=======

The final study population consisted of 242 consecutive patients who underwent PTA and 352 ostensibly healthy subjects. No PTA patients were lost on follow-up, but 18 of these patients ought to be excluded from our retrospective analysis since hematological testing was not performed at hospital discharge, so that the final PTA group consisted of 224 patients. The demographic and laboratory data of controls and PTA patients at hospital admission is shown in *[Table I](#j_jomb-2018-0047_tab_001){ref-type="table"}*. The age and the sex distributions were found to be similar between groups, whilst a significant difference was found for values of hemoglobin (lower in PTA cases), MCV (higher in PTA cases) and RDW (higher in PTA cases). In multivariate analysis, hemoglobin (b coefficient, 0.01; 95% CI, 0-- 0.01; p\<0.001), MCV (b coefficient, 0.01; 95% CI, 0.01--0.02; p\<0.001) and RDW (b coefficient, 0.08; 95% CI, 0.06--0.10; p\<0.001) were confirmed to be significant predictors of PAOD.

###### 

Comparison of demographic and laboratory data between percutaneous transluminal angioplasty (PTA) cases and controls. Results are shown and median and interquartile range or proportion.

  Parameter          Controls     PTA patients   p
  ------------------ ------------ -------------- ---------
  n                  352          224            --
  Age (years)        73 (12)      74 (12)        0.107
  Sex (F/M)          115/237      72/152         0.484
  Hemoglobin (g/L)   135 (62)     131 (28)       \<0.001
  MCV (fL)           89 (10)      93 (7)         \<0.001
  RDW (%)            13.7 (2.1)   14.3 (2.2)     \<0.001

MCV, mean corpuscular volume; PTA, percutaneous transluminal angioplasty; RDW, red blood cell distribution width

In agreement with previous findings ([@j_jomb-2018-0047_ref_008]), 1-month after hospital discharge a total number of 11 patients (4.9%) developed clinically significant PTA-related complications, including restenosis needing urgent re-intervention (n=7), major hematomas at site of PTA (n=3) and severe infection with toe necrosis (n=1). One of the patient who developed hematoma (severe retroperitoneal hematoma, then followed by infection and sepsis) died during hospital readmission. The demographic and laboratory data of PTA patients, clustered according to presence or absence of 1-month PTA-related complications after hospital discharge, is shown in *[Table II](#j_jomb-2018-0047_tab_002){ref-type="table"}*. Interestingly, no significant differences could be observed for age, sex and type of medical treatment between patients who developed PTA-related complications and those who did not. No significant difference could also be noticed between admission or discharge values of hemoglobin (p=0.365), MCV (p=0.487) and RDW (p=0.267) in patients with or without 1-month PTA-related complications, whilst in patients who developed 1-month PTA-related complications the hemoglobin concentration was marginally lower (p=0.041) and the RDW value was significantly higher (p=0.013). Even more importantly, the delta RDW was marginally but significantly higher in patients who developed PTA-related complications compared to those who did not (1.03 versus 1.00; p=0.041), and the number of patients with delta RDW value \>1 (i.e., increased RDW at discharge compared with the admission value) was nearly double in the latter group (73% versus 46%; p=0.039) (*[Table II](#j_jomb-2018-0047_tab_002){ref-type="table"}*). Conversely, both the admission and discharge values of hemoglobin, MCV and RDW did not differ between patients who developed 1-month PTA-related complications and those who did not. Patients with delta RDW \>1 had 60% higher risk of developing 1-month PTA-related complications after hospital discharge (relative risk \[RR\], 1.60; 95% confidence interval \[95% CI\], 1.08--2.36; p=0.019), and 88% higher risk of developing early reocclusion (RR, 1.88; 95% CI, 1.34--2.63; p\<0.001), respectively. Overall, RDW exhibited a sizeable diagnostic performance for predicting 1-month PTA-related complications after hospital discharge, displaying an area under the curve (AUC) of 0.68 (95% CI, 0.55-- 0.81; p=0.004) ([Figure 1](#j_jomb-2018-0047_fig_001){ref-type="fig"}). An even better efficiency could be observed for predicting early reocclusion after hospital discharge, wherein the AUC of delta RDW was 0.74 (95% CI, 0.57--0.91; p=0.002). A delta RDW of 1.025 was associated with 0.86 sensitivity and 0.72 specificity for predicting 1-month reocclusion after hospital discharge.

###### 

Comparison of demographic and laboratory data percutaneous transluminal angioplasty (PTA) patients with or without complications 1 at 1 month after hospital discharge. Results are shown as median and interquartile range or proportions.

  Parameter                     No complications   P admission vs discharge   Complications   P admission vs discharge   P complications vs no complications
  ----------------------------- ------------------ -------------------------- --------------- -------------------------- -------------------------------------
  n                             213                --                         11              --                         --
  Age (years)                   74 (13)            --                         72 (15)         \-                         0.135
  Sex (F/M)                     66/147             --                         5/6             --                         0.051
  Discharge therapy (APT/OAC)   173/40                                        8/3                                        0.486
  Hemoglobin (g/L)                                                                                                       
  \- Admission value            130 (27)           0.365                      137 (54)        0.041                      0.283
  \- Discharge value            125 (29)           121 (46)                   0.334                                      
  MCV (fL)                                                                                                               
  -- Admission value            93 (7)             0.487                      95 (9)          0.074                      0.427
  -- Discharge value            92 (9)             91 (10)                    0.358                                      
  RDW (%)                                                                                                                
  -- Admission value            14.3 (2.2)         0.267                      13.2 (1.4)      0.013                      0.149
  -- Discharge value            14.3 (2.0)         14.1 (1.7)                 0.333                                      
  -- Delta RDW                  1.00 (0.06)        --                         1.03 (0.04)     --                         0.041
  -- Delta RDW =1 (n)           97/213             --                         8/11            --                         0.039

APT, antiplatelet therapy; MCV, mean corpuscular volume; OAC, oral anticoagulants, PTA, percutaneous transluminal angioplasty; RDW, red blood cell distribution width

![Diagnostic performance (Receiver Operating Characteristics curve) of delta red blood cell distribution width (RDW) for predicting 1-month complications after percutaneous transluminal angioplasty (PTA).](jomb-38-468-g001){#j_jomb-2018-0047_fig_001}

Discussion {#j_jomb-2018-0047_s_004}
==========

The RDW is a simple, rapid and inexpensive parameter, reflecting the average heterogeneity of erythrocytes volumes (i.e., anysocytosis), which can now be generated by the vast majority of hematological analyzers along with other data of the complete blood cell count (CBC) ([@j_jomb-2018-0047_ref_009]). Several lines of evidence now attest that enhanced anysocytosis is commonplace in patients with a large number of human pathologies, including cardiovascular disorders ([@j_jomb-2018-0047_ref_010]), and that increased RDW values also reliably predict morbidity, hospital readmission and death ([@j_jomb-2018-0047_ref_011], [@j_jomb-2018-0047_ref_012]). Although several previous studies showed that anysocytosis may be associated with adverse outcome in patients undergoing CABG, percutaneous coronary angioplasty (PCA), percutaneous coronary intervention (PCI) and even postinterventional thrombolysis for acute coronary syndrome ([@j_jomb-2018-0047_ref_007], [@j_jomb-2018-0047_ref_013], [@j_jomb-2018-0047_ref_014], [@j_jomb-2018-0047_ref_015], [@j_jomb-2018-0047_ref_016], [@j_jomb-2018-0047_ref_017], [@j_jomb-2018-0047_ref_018]), no information has been published to best of our knowledge on its diagnostic efficiency for predicting complications or adverse outcomes in patients undergoing PTA for severe forms of PAOD.

Some interesting conclusions can hence be made from the results obtained in this observational retrospective study. We first observed that PAOD patients had higher RDW and lower hemoglobin values than ostensibly healthy controls. These two parameters may hence be of value for non-invasive assessment of patients with suspected PAOD, or even for identifying a subset of patients at higher risk of developing PAOD. Even more importantly, we observed for the very first time that the in-hospital variation of RDW (i.e., the ratio between RDW values measured at hospital admission and discharge) was a significant predictor of early adverse outcomes, wherein patients with a delta RDW \>1 had 60% and 88% enhanced risk of developing 1-month PTA-related complications and early restenosis after hospital discharge, respectively. This finding is in accordance with previous evidence garnered from other cardiovascular disorders, and showing that in-hospital variation of RDW may be a useful predictor of mortality in patients with heart failure ([@j_jomb-2018-0047_ref_019], [@j_jomb-2018-0047_ref_020]), higher readmission or unexpected death in the intensive care unit (ICU) ([@j_jomb-2018-0047_ref_021]), but also significantly predicted early adverse events after CABG ([@j_jomb-2018-0047_ref_007]). This would lead us to conclude that routine calculation of delta RDW between values measured at hospital admission and discharge may be a valuable approach in all patients undergoing PTA, wherein those exhibiting an increase during hospital stay should then be more strictly monitored during follow-up, or even subjected to more aggressive pharmacological or behavioral management (e.g., enhanced burdens of physical exercise). On the other hand, it is not surprising that the RDW value at hospital admission was not associated with PTA complications after patient discharge (*[Table II](#j_jomb-2018-0047_tab_002){ref-type="table"}*), since hospital stay and surgical management may have both considerably contributed to profoundly modify erythrocyte biology, as previously seen in other studies ([@j_jomb-2018-0047_ref_009]). Albeit the lifespan of red blood cells into the circulation is comprised between 90--120 days under physiological conditions, some biological and metabolic triggers can promote sudden changes of erythrocyte volume, so that RDW variations may occasionally develop in few hours ([@j_jomb-2018-0047_ref_022]).

Regarding the putative biological mechanisms linking anysocytosis and PTA-related complications, especially reocclusion, the current view of restenosis pathophysiology entails a various and multifaceted number of molecular and cellular events, which are strongly influenced by a perturbation of erythrocyte biology. In particular, it has been convincingly demonstrated that an increased RDW value is significantly associated with endothelial damage and failure of vascular repair ([@j_jomb-2018-0047_ref_023]), with increased con centration of proinflammatory biomarkers ([@j_jomb-2018-0047_ref_024]), oxidative stress ([@j_jomb-2018-0047_ref_025]), decreased erythrocyte deformability and hence with impaired blood flow ([@j_jomb-2018-0047_ref_026]), as well as with a higher predisposition for developing thrombosis ([@j_jomb-2018-0047_ref_027], [@j_jomb-2018-0047_ref_028]). Irrespective of the fact that RDW may be a player or a simple bystander in many of these biological pathways ([@j_jomb-2018-0047_ref_029]), all these factors are also important triggers, or precipitating factors, of restenosis after percutaneous angioplasty ([@j_jomb-2018-0047_ref_005]).

The CBC provides very useful clinical information and it might sometimes happen that physicians will not be using all the potential of this important test, including clinical use of RDW data. Although larger prospective investigations are needed to confirm our preliminarily findings, the results of this study, showing that in-hospital variation of RDW may be a noninvasive and reliable predictor of complications early after hospital discharge in patients who underwent PTA, suggest that this parameter may play a role for management and for guiding the clinical decision making of PTA patients immediately after hospital discharge.
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